D evelopment of preventive HIV-1 vaccines requires clinical trials that effectively recruit, enrol and retain high-risk subjects, including men who have sex with men (MSM). Since candidate vaccines may prove to have little or no efficacy, these trials must also strive to minimize harms associated with participation. A major concern has been that trial participants might believe vaccination affords some protection and therefore increase their sexual risk-taking. 1, 2 This concern derives in part from increases in unprotected anal intercourse observed during phase I and phase II vaccine trials. For example, selfreports of unprotected insertive anal intercourse during the previous 6 months increased among 44 gay men enrolled in San Francisco trials, from 9% at enrolment to 20% at the 12-month assessment; however, the HIV status of sexual partners was not assessed. 1 The world's first phase III trial to evaluate a candidate preventive HIV-1 vaccine was recently completed in North America and Europe. 2 A consortium sponsored by the Canadian Network for Vaccines and Immunotherapeutics of Cancer and Chronic Viral Diseases (CANVAC) was formed to assess participation, retention and change in sexual risk behaviour at trial sites in this country. We report here the Canadian experience in this trial through 18 months of follow-up and assess trends in high-risk sexual behaviour reported by participants.
Methods
MSM were recruited by print advertisements and outreach in Montreal, Toronto, Vancouver and other sites in North America and Europe to participate in the Vax004 trial, a randomized, placebo-controlled evaluation of a bivalent recombinant gp120 HIV-1 subtype B vaccine (AIDSVAX B/B, Vaxgen Inc., Brisbane, Calif.).
2 HIV-seronegative MSM from 18 to 60 years of age who reported anal intercourse during the previous 12 months and who were not involved in a continuous monogamous relationship with an HIV-negative partner during the same period were eligible to participate. Men were ineligible if they felt unable to complete 3 years of follow-up or reported previous injection drug use, HIV-1 vaccination, receipt of another vaccine or immunoglobulin during the 2 weeks before enrolment or receipt of a live-attenuated vaccine during the 4 weeks before enrolment.
Following screening, eligible participants were asked to return for baseline and then semiannual follow-up visits for 36 months. At each visit, vaccination, medical evaluations and structured risk assessment interviews were performed, and risk reduction counselling was provided. The risk assessments elicited self-reports of sexual behaviour according to the HIV-1 status of partners (seronegative, seropositive or status unknown). Behavioural assessments were discontinued if HIV-1 seroconversion, the primary trial end point, occurred.
The baseline questionnaire included questions about whether enrolment in the trial had been motivated by a belief that vaccination would provide protection against HIV-1 (grouped in the present analysis as any level of agreement v. other) and about perceived vaccine efficacy (grouped in the present analysis as efficacy > 50% v. efficacy ≤ 50% or don't know). The 12-month follow-up questionnaire asked participants if they believed they had received vaccine or placebo or didn't know (grouped as vaccine v. other). Ethical review boards at each site approved the vealed increases in risky sexual activity among study subjects during the trials, perhaps because the subjects believe that the vaccine being tested is efficacious; subjects may thus suffer harm from their participation. We evaluated the sexual behaviour of Canadian men who have sex with men (MSM) who participated in the phase III Vax004 trial of an HIV-1 vaccine. Methods: Using self-reports of sexual behaviours during the 6 months before trial entry as a baseline, we determined changes in reported sexual behaviour after 6, 12 and 18 months of participation in the trial. Results: Of 291 HIV-seronegative MSM enrolled from July to October 1999, 260 (89%) completed 18 months of follow-up, 19 (7%) experienced seroconversion, and 12 (4%) did not complete follow-up. Unprotected receptive anal intercourse during the previous 6 months with partners whose HIV-1 serostatus was positive or unknown was reported by 21% of men at enrolment and by 27% at any point during 18 months of followup. No increase in this behaviour from baseline was reported by participants, including among men who were motivated to enrol because of expected protection from HIV-1 infection, men who believed they had received the vaccine, men who believed that the vaccine had greater than 50% efficacy, or men who believed that they had received the vaccine and that vaccine efficacy was greater than 50%. Interpretation: MSM can be successfully enrolled in HIV-1 vaccine efficacy trials without evident increases in those sexual behaviours most associated with HIV-1 risk.
trial protocol, and participants provided written informed consent; the consent form specified the 2:1 ratio of assignment to vaccine or placebo. The present study represents secondary analyses using trial data that were requested by CANVAC collaborators and provided by the trial sponsor. Groups were compared using χ 2 and Fisher's exact tests for categorical variables and Wilcoxon rank-sum and Kruskall-Wallis statistics for continuous variables. The percentage of men reporting unprotected anal intercourse by 18 months' follow-up (defined as any unprotected encounter during the period between study visits) was estimated using life table methods, and groups were compared using log-rank tests; in these analyses, data for men who experienced seroconversion and those who dropped out or were withdrawn prematurely from the trial were censored following their last risk assessment. We compared participants whose data was censored with those who completed follow-up. Because this comparison would be confounded by trial site (associated with both censorship and high-risk behaviours), we matched each participant whose data were censored with 4 randomly selected participants who had completed 18 months of follow-up at the same site.
The primary behavioural end point was unprotected receptive anal intercourse with a partner whose HIV-1 serostatus was positive or unknown. However, incomplete assessment of the behaviour of high-risk participants (because of seroconversion or dropping out) could lead to selection of a progressively lower-risk group, thereby producing the spurious impression of a decline in overall risk behaviour during follow-up. To guard against this bias, in these analyses we made the following conservative ("worst case") assumption for every follow-up assessment that was missing: we assumed that these participants would have reported engaging in unprotected receptive anal intercourse with partners of positive or unknown serostatus at these times.
Change in sexual risk behaviour was assessed using paired (McNemar's) tests that compared participants' behaviour before enrolment with that reported at the 6-, 12-and 18-month followup visits.
Results
From July to October 1999, 291 MSM enrolled in the Vax004 trial at 3 Canadian sites (105 in Vancouver, 99 in Montreal and 87 in Toronto). The median age of participants was 37 years, and most had received some college education (Table 1 ). Significant differences were observed across sites with respect to participants' level of education, reasons for joining the study and recent recreational drug use; as well, site-specific differences were observed with respect to recent diagnosis of STDs and percentage of men reporting sexual relations during the 6 months before enrolment with HIV-positive, HIV-negative and statusunknown partners. Among men who had an HIV-positive or status-unknown partner, the percentage engaging in unprotected receptive anal intercourse with each type of partner was not materially different across sites (site-specific data available from the authors upon request).
During 18 months of follow-up, data for 11% of the men were censored because of seroconversion (n = 19) or because of withdrawal from the trial or loss to follow-up (n = 12). The number of men for whom data were censored before their 6-, 12-and 18-month follow-up visits were 6, 19 and 6, respectively. The percentage of men for whom data were censored at each site differed significantly (Mon- (Table 1) , as well as unprotected sex with HIV-positive and status-unknown partners during the 6 months before their enrolment and greater numbers of HIV-positive partners (Table 2) . At enrolment, 61 (21%) of the 291 men reported having engaged in unprotected receptive anal intercourse during the previous 6 months with partners whose HIV-1 status was positive or unknown. The prevalence of this behaviour at the 6-, 12-and 18-month follow-up visits was 20%, 20% and 18%, respectively, using the most conservative assumption (that men with censored or missing data had engaged in risky behaviour); the matched-pair odds ratios indicated no significant change in participants' behaviour from baseline to any of these time points (Table 3) . Furthermore, we did not observe any change in this behaviour among subgroups of participants who did and did not report a motivation to enter the trial for protection from HIV-1 infection, a belief that they had received the vaccine, a belief that vaccine efficacy was greater than 50%, or a belief that they had received vaccine and that vaccine efficacy was greater than 50% (data not shown).
The cumulative percentage of men reporting unprotected receptive anal intercourse with an HIV-positive or statusunknown partner at any point during 18 months of followup was 27%. The cumulative probability of engaging in this behaviour at any point during 18 months of follow-up was not significantly greater among men who reported being motivated to enrol in the trial for protection from HIV-1 infection, those who believed they had received vaccine, those who believed that vaccine efficacy was greater than 50%, or those who believed that they had received the vaccine and that vaccine efficacy was greater than 50% (Table 4 ). The cumulative percentage of men who reported unprotected receptive anal intercourse with any partner at any point during follow-up was 40%; 13% of men reportedly engaged in this behaviour with HIV-negative partners only, 14% with HIV-positive or status-unknown partners only, and 13% with both HIV-negative and HIV-positive or status-unknown partners. With regard to the latter group, we did not assess the temporal ordering of such encounters.
Interpretation
Among Canadian MSM enrolled in the Vax004 trial, we observed no significant change in high-risk unprotected receptive anal intercourse between enrolment and the 6-, 12-and 18-month follow-up assessments. This result has special importance, given the announcement by the trial sponsors that the AIDSVAX vaccine did not provide protection from HIV-1 infection. 3 The percentage of trial participants reporting any unprotected receptive anal intercourse is consistent with that reported in contemporary studies of MSM in these cities. [4] [5] [6] However, the Vax004 trial questionnaire also assessed the HIV-1 status of partners with whom such intercourse occurred. Importantly, 21% of the 291 trial participants (including 15% [16/105] of those in Vancouver) reported that during the 6 months before enrolment they had engaged in unprotected receptive anal intercourse with a partner whose HIV-1 status was positive or unknown. For comparison, we recently reported that only 14% of 282 young MSM in a cohort study in Vancouver engaged in this behaviour during the previous 12 months 7 but that most HIV-1 seroconversions occurred in such men. Thus, despite intensive counselling, Canadian participants in the Vax004 trial appeared to be at relatively high risk for HIV-1 infection. If subsequent analyses confirm that seroconversion during the trial occurred mainly among men who reported unprotected receptive anal intercourse with partners whose HIV-1 serostatus was positive or unknown, the findings will have important implications for targeting preventive interventions to MSM and for selecting high-risk participants for future vaccine efficacy trials. There are several limitations to the present study. First, assessment of whether trial participation per se was associated with behavioural change is not possible, since the Vax004 trial lacked a comparison group of MSM who received neither vaccine nor placebo. Nevertheless, it is reassuring that, despite conservative assumptions in our analysis, we found no evidence of an increase in the sexual risk behaviour of trial participants; during the same calendar period, substantial increases in risk behaviours among MSM in North America and Europe were reported. 8 Second, selfreports of sexual behaviours are subject to social desirability effects that may produce underestimates of risk. Third, if participants with censored data are more likely than those completing follow-up to begin unprotected anal intercourse, the cumulative percentages we report may be underestimates by as much as several percentage points. Finally, trial participants may not be representative of other MSM, and caution should be used in generalizing our results. Indeed, if highrisk MSM tend to enrol in vaccine trials, 1, 9, 10 regression to the mean could explain reductions in sexual risk behaviours that might be reported from vaccine trials lacking a comparison group that receives neither vaccine nor placebo.
The largest number of incident HIV-1 infections and AIDS diagnoses reported in Canada continues to be among MSM. 11 Recent clinically motivated shifts toward delayed or interrupted prescribing of antiretroviral therapy [12] [13] [14] are expected to yield a net increase in the infectiousness of HIV-positive sexual partners. This increase may, in turn, portend increases in HIV-1 seroincidence among MSM. 15 Our results demonstrate that high-risk MSM in Canada can be successfully recruited, enrolled and retained in HIV-1 vaccine efficacy trials, and they underscore the importance of continued counselling and sexual risk measurements during such studies. 12 
